When compared with laboratory chow, a defined, semipurified diet prevented diabetes, reduced the frequency of insulitis, increased thymus weight and total white blood cell count, and doubled thymus T-helper/T-suppressor cell ratios in diabetes-prone BB rats. These data show that the diabetic syndrome in BB rats may be prevented or delayed by changes in diet, which may occur through alteration of pathogenic defects in the immune system. DIABETES 1985; 34:1059-62.
ence of the major histocompatibility complex haplotype (RT1 U ), and lymphopenia. 56 The protective effect of neonatal thymectomy, 78 decreased thymus (T)-derived lymphocytes in blood and lymphoid organs, 9 reduced T-helper (T h )/T-suppressor (T s ) cell ratios, 6 and decreased thymus weight in diabetes-prone BB rats all point to a key role for the thymus in the pathogenesis of this syndrome.
Diet can have dramatic effects on the immune system, particularly the thymus, which seems uniquely sensitive to manipulation of nutritional variables. 10 Furthermore, it has recently been hypothesized that environment (diet) could be an important factor influencing development of diabetes in BB rats. 811 In previous studies we observed differences in incidence and age at onset, which suggested that, compared with a chow diet, a defined, semipurified AIN-76 diet 12 might modify development of the syndrome. 8 Any approach to this question must consider at least three points: (1) effect of diet on insulitis, diabetes incidence, age at onset; (2) net diet/ immune system interactions (i.e., varying susceptibility of specific T-cell subsets); and (3) presence or absence of diabetogens in the diet.
MATERIALS AND METHODS

Experiment 1.
This experiment was designed to examine directly the effects of ad libitum feeding of a ground laboratory rat chow diet (N = 40) or a defined, semipurified AIN-76 diet (N = 40) modified as follows: 55% corn starch, 20% casein, 15% corn oil, 5% purified cellulose (Alphacel), 3.5% AIN-76 mineral mix, 1% AIN-76 vitamin mix, 0.3% DL-methionine, and 0.2% choline bitartrate. Male, diabetes-prone BB rats (19 separate litters) from the Health Protection Branch colony were maintained in individual stainless steel, wirebottom cages; body weight, food and water consumption, and urine glucose were monitored weekly. Animals were considered diabetic when the following were observed: polyuria, polydipsia, weight loss (or failure to gain weight), urine glucose > 2 + using Testape (Eli Lilly and Company, Indianapolis, Indiana), and fasting blood glucose >200 mg/dl. These rats were killed within 4 days of discovery of diabetes. Glucose was measured using an Abbott ABA-200 analyzer (Abbott Laboratories, North Chicago, Illinois). Lymphocytes were counted using a model ZM Coulter counter. Experiment 2. The possibility that the AIN-76 diet might be capable of correcting imbalances in immunoregulatory T-cell subsets 9 was investigated by feeding a second set of diabetes-prone BB rats either modified AIN-76 or Purina chow (10/group) until age 65 days. Spleen and thymus mononuclear cell suspensions were prepared using Ficoll-Paque (Pharmacia, Uppsala, Sweden) gradients. T-cell subsets were determined using indirect immunofluorescence 13 with monoclonal antibodies W3/25 (helper cells) and OX8 (suppressor/cytotoxic cells) from Cedarlane Laboratories (Hornby, Ontario, Canada). Fluorescence was read using a Zeiss Photomicroscope III. HPLC determination of diabetogens in chow. Determination of alloxan and streptozocin in diets was carried out using a Spectra Physics SP8000B liquid chromatograph. HPLC conditions were as follows: for alloxan, an isocratic separation was used with two LiBondapak C18 columns (Waters, 3.5 x 300 mm) connected in series. The mobile phase was 0.02 M NaH 2 PO 4 , pH 5.22, column temperature, 25.0°C, flow 1.0 ml/min, UV detector, 254 nm. For streptozocin, a modification of the method of P. J. Oles 14 was used, which consisted of a radial compression system (Waters) equipped with a jo-Bondapak C18 column (8.0 x 100 mm). The mobile phase was a 97:3 mixture of 0.1 M acetic acid adjusted to pH 4.0 with 50% NaOH plus methanol; temperature was 21.5°C, UV detector, 254 nm. Alloxan and streptozocin were purchased from Sigma Chemical Co., St. Louis, Missouri. Pancreas morphology. Pancreata were fixed in Bouin's solution and then paraffin-embedded sections were stained with hematoxylin and eosin or aldehyde fuchsin. Representative, coded samples were graded for the presence of lymphocytic infiltration of islets (insulitis 3 ) by a pathologist (Z.W.). Subjective rating was carried out using a scale ranging from 1 to 5, where 1 denoted absence of inflammation and 5 indicated major displacement of islet tissue by inflammatory infiltration.
RESULTS
Animals in experiment 1 were killed at 175 days of age. Despite lower food and water consumption, which reflected the higher energy density of AIN-76 compared with chow, AIN-76-fed rats weighed slightly more at the end of 6 mo (477 ± 40 versus 445 ± 35 g, P < 0.05). By the end of the experiment, 11 of 40 rats on chow had become frank diabetics and 8 of the remaining asymptomatic rats had insulitis for a total of 19 of 40 with pancreatic inflammation. There were no overt diabetics and only 10 of 40 rats in the AIN-76-fed group showed signs of insulitis. A measure of the overall severity of insulitis in each diet group was obtained by comparing the average grade for islet inflammation. The values for chow and AIN-76 groups were 2.6 and 1.7, respectively (P < 0.05), indicating that severity as well as incidence (Table  1) of insulitis was significantly greater in chow-fed rats.
Another characteristic that was changed by diet was oral glucose tolerance, and this is illustrated in the data from asymptomatic rats shown in Figure 1 . Paradoxically, asymptomatic, chow-fed rats had better glucose tolerance up to 150 days of age than did rats fed AIN-76. This difference may in part have been a reflection of the macronutrient and fiber composition of the diets, which are shown in Table 2 . The major quantitative differences between the two diets were in fat and fiber composition, the chow diet being a lowfat, high-fiber diet compared with the high-fat, low-fiber AIN-76 diet.
The results from experiment 2 (Table 3) show that as in the larger feeding experiment, animals fed AIN-76 had higher white blood cell counts and larger thymuses compared with chow-fed animals. Although the AIN-76 diet had no effect on percentage of T-helper (T h ) cells, there was a decrease in the proportion of T-suppressor (T s ) cells in the thymus, which resulted in a doubling of the T-helper to T-suppressor cell ratio (P < 0.005). The percentage of T s was also decreased (P < 0.05) in spleen, but the accompanying slight increase in T h /T s ratio was not significant. Values for corresponding control (nondiabetes-prone) BB rats fed either AIN-76 or chow were similar to those for diabetes-prone BB rats shown in Table 3 , with one notable exception. The major difference between the two diets was seen in the thymus where W3/ 25-labeled (T h ) cells were 49 ± 3 versus 40 ± 3%, respectively (mean ± SEM, P < 0.05). Thus, in control BB rats the AIN-76 diet lowered the percentage of T h cells, and in diabetes-prone BB rats, percentage of T s cells was decreased.
We were unable to detect alloxan or streptozocin using methods capable of measuring amounts as low as 0.35 and 1.0 |xg/g of original sample.
DISCUSSION
The results we describe in this article show that diet in the form of a modified, semipurified, AIN-76 diet prevents diabetes in susceptible animals. BB rats fed AIN-76 remained asymptomatic, fewer of them had insulitis, their total white blood cell (WBC) count was higher, and their thymuses were generally heavier than those of corresponding chow-fed rats (Table 1) . In contrast to two previous conflicting reports 1516 in which diet constituents were not defined, 17 these data clearly show that diet can modify incidence and age at onset of diabetes as well as its presumed precursor, insulitis.
Considering the ability of the AIN-76 diet to modify several previously reported immune system defects by increasing thymus weight, total white blood cell count, and T-helper/Tsuppressor cell ratios, it is attractive to suggest that dietary modification of BB rat diabetes occurred through diet-induced changes in the immune system, particularly the alteration of immunoregulatory T-cell subset ratios. However, it should be noted that the T h and T s values we obtained for both control and diabetes-prone BB rats were lower than those reported by others. 1819 There are several variables, 9 including age-dependent inversion of the T h /T s ratio 20 as well as batch of monoclonals, which could explain this difference. Albeit, since all our determinations were carried out under identical conditions, the differences we observed may indeed reflect true dietary modifications of immunoregulatory T-cell subsets as suggested by Good et al. 10 Although far from exhaustive proof, our inability to find significant quantities of streptozocin and alloxan in chow suggests the alteration of diabetes incidence by the modified AIN-76 diet was due to a protective effect as opposed to the diabetogenic action of known agents. Furthermore, it might be expected that spontaneous insulin-dependent diabetes would arise more often if diabetogens were frequent constituents of laboratory rat chow. This point is an important one and should be investigated in more detail, particularly since it is known that chow constituents vary with market conditions 12 and can include various xenobiotic chemicals such as pesticides. 21 Researchers should be aware that these variations may have dramatic effects on various aspects of the syndrome.
The 28% incidence of diabetes we observed in chow-fed rats was lower than either the 50% incidence found in the parent colony or the 40-50% incidence reported by others. 3 Animals in the parent colony were fed chow pellets as (presumably) were those in other colonies. As well, housing animals in individual wire-bottom cages may be less stressful than having several animals per cage. It also reduces coprophagy and avoids contact with bedding material, which could also be among other environmental factors affecting expression of the syndrome.
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The data in Figure 1 show that diet also had a dramatic effect on glucose tolerance of asymptomatic/diabetes-prone BB rats. The apparent paradox in which the chow diet increased both glucose tolerance and diabetes incidence may have been due to its high-fiber and low-fat content (Table 2) . However, the beneficial effect on oral glucose tolerance seemed to be canceled by more important metabolic changes, possibly resulting from an imbalance between diabetogenic and protective factors. Results from other feeding studies in our laboratory with BB rats (unpublished data) have shown that fiber increases excretion of fat in feces. Since chow is particularly low in fat, chow-fed rats may have been restricted (but not deficient) in this nutrient. The bioavailability and/or metabolism of fat or related compounds 22 may be an important aspect of the present dietary modification.
The diets clearly had different effects on the immune system, but the present data do not permit us to identify individual constituents that might be responsible. The overall effect observed on diabetes incidence and on the immune system was probably a consequence of several independent effects. Simple dietary modifications using defined, semipurified diets will be needed to study further the role of individual nutrients on development of diabetes in BB rats.
The present data suggest it may ultimately be possible to DIET CAN PREVENT DIABETES IN THE BB RAT correct immune system defects and prevent or delay onset of IDDM in a manner that presents far less risk to the individual than treatment only after diagnosis of the disease with powerful immunosuppressant agents such as cyclosporin, 23 which has detrimental side effects. 24 
